Osmotic water permeability measurements using confocal laser scanning microscopy.
We have developed a method for measurement of plasma membrane water permeability (P(f)) in intact cells using laser scanning confocal microscopy. The method is based on confocal recording of the fluorescence intensity emitted by calcein-loaded adherent cells during osmotic shock. P(f) is calculated as a function of the time constant in the fluorescence intensity change, the cell surface-to-volume ratio and the fractional content of the osmotically active cell volume. The method has been applied to the measurement of water permeability in MDCK cells. The cells behaved as linear osmometers in the interval from 100 to 350 mosM. About 57% of the total cell volume was found to be osmotically inactive. Water movement across the plasma membrane in intact MDCK cells was highly temperature dependent. HgCl2 had no effect on water permeability, while amphotericin B and DMSO significantly increased P(f) values. The water permeability in MDCK cells transfected with aquaporin 2 was an order of magnitude higher than in the intact MDCK cell line. The water permeability of the nuclear membrane in both cell lines was found to be unlimited. Thus the intranuclear fluid belongs to the osmotically active portion of the cell. We conclude that the use of confocal microscopy provides a sensitive and reproducible method for measurement of water permeability in different types of adherent cells and potentially for coverslip-attached tissue preparations.